We describe a rapid, simple assay for placental estriol in urine, involving a small sample volume (250 L) and, correspondingly, a small amount of enzyme reagent. After hydrolysis, estriol is adsorbed from urine onto graphitized carbon black (Carbopack B). After some washing steps, estriol is desorbed with a small volume of a suitable mobile phase. This single-step purification technique is rapid (about 15 mm), with minimal sample manipulation. Analytical recoveries for estriol-supplemented urine ranged from 95.9 to 101 .0%. Ten replicate analyses of urines containing typical concentrations of estriol gave CVs of 3.3, 2.6, and 2.4% for low, medium, and high concentrations, respectively. The specificity of our extraction technique was good, as assessed by treating 35 urine samples and quantifying estriol by gas chromatography with packed and capillary columns and by liquid chromatography with ultraviolet and fluorometric detection.
Materials and Methods

Apparatus.
We used a Model 3800 gas chromatograph (Darn, Monza, Italy) equipped with a flame-ionization Bucks., U.K. We prepared acetate buffer by adjusting the pH of a 2 mol/L solution of acetic acid in deionized water to 4.6 with 2 mol/L NaOH. The pH 4.4 phosphate buffer was prepared by adding 0.3 niL of 1 mol/L KH2PO4 solution and 0.1 mL of 0.1 mol/L H3P04 to 2 L of distilled water.
Procedure.
To 250 L of urine in a 5-mL screw-capped glass vial add 30 pL of enzyme solution and 100 L of acetate buffer. Mix well and incubate in a 60#{176}C water bath for 30 mm. Prepare the extraction column by weighing 0.5 g of Carbopack B particles, suspending these in water, then pouring the suspension into a 15 x 0.7cm glass column with a small pellet of glass wool in the bottom and fitted with a Teflon stopcock; wash with distilled water. Pass the still warm hydrolysate through the column and let it stand in the column for 5 mm by closing the stopcock. Thereafter, rinse the hydrolysate by passing 5 mL of distilled water through the column and, giving no care to the flow rate, wash the column with the following phases sequentially: 1.5 niL of 1 molfL aqueous HC1, 7 mL of 20 mmol/L methanolic KOH, 5 niL of 60 mmoliL methanolic HC1, and 5 mL of methanollchloroform (85/15 by vol). Elute estriol with 2.5 mL of methanollchloroform (50/50 by vol) and collect a volume of 3.5 mL, starting as soon as the eluting phase is For this use, methanol was distilled in a glass system. The column was operated at room temperature. The experimental settings of both the ultraviolet and the fluorometric detectors were as previously reported (8). Under the experimental conditions used, the retention time for the estriol is about 10 mm.
For gas-chromatographic determinations with the packed column, we followed a procedure described elsewhere (9). The capillary column was conditioned overnight at 300 #{176}C. Both injector and detector temperatures were set at 270 #{176}C, the dead time was 20 s at 200 #{176}C, and the carrier gas was hydrogen. The temperature program was: 1 mm at 80#{176}C, 80-200 #{176}C at a rate of 20 #{176}C/min, and 200-250 #{176}C at 2 #{176}C/ mm. Just before injection, the injector venting port was kept closed for 50 s. Under such conditions, the retention time for estriol was 24 mm. was 97.9% (CV = 1.8%, range 95.9-101.0%). Over the range of initial concentrations from 4.2 to 46.4 mgfL, we observed no significant variation in the recovery of estriol from that expected.
Results and Discussion
Precision.
Within-run precision was assessed by analyzing three patients' urine samples known to have low, medium, and high estriol contents, respectively. We divided each specimen into 10 aliquots and assayed them by passing them through the Carbopack columns, then quantifying by liquid chromatography with ultraviolet detection. The mean ± SD (and CVs) for urines were 4.82 ± 0.16 (3.3%), 15.3 ± 0.4 (2.6%), and 37.6 ± 0.9 mgfL (2.4%).
Sensitivity.
Processing 250 L of urine as suggested and quantifying estriol by liquid chromatography with ultravio-let detection, we determined that the lower limit at which estriol could be accurately measured (CV = 5.9%) was about 1 mg/L. At this concentration, a well-defined chromatographic peak for estriol could be still observed. By using a more sensitive detection technique as in fluorometry, this limit could be drastically decreased. However, estriol concentrations lower than 1 mg/L in pregnancy urine are of little interest in clinical practice.
Method comparison.
We compared our method with the following previously described methods: solvent extraction and fluorometry-liquid chromatography (8); Sep-Pak extraction (10) and ultraviolet-liquid chromatography; and an RIA method (11). Regression analyses of the four methods are reported in Table 2 . All methods appeared to be well correlated and comparable, except for the method involving solvent extraction, which gave significantly lower results. This could be due to loss of estriol during the washing of the ether extract with alkaline carbonate, which is a procedure common to many proposed estriol assays. Use of Sep-Pak extracting material was easy and rapid, but scarcely suitable for quantifying accurately urines with low #{232}striol content by ultraviolet-detection liquid chromatography.
As Figure 1 shows, for the same urine sample with a supposed estriol concentration of 3.6 mg/L, estriol in the sample purified with Sep-Pak elutes as a shoulder on the large peak for the void volume, making quantification unreliable; after Carbopack treatment, the estriol peak is sharp and discrete.
Efficiency
of Carbopack extraction.
The effect of the flow rates of both the washes and the mobile phases on the efficiency of the Carbopack column was evaluated by purifying a urine sample at various flow rates from 0.5 to 5.5 mU mm. No significant variation on the recovery of estriol was noted over the range of flow rates considered.
When we omitted the step of stopping the flow for 5 mm just after applying hydrolyzed urine to the Carbopack column, the recovery of estriol decreased from 97.9% to about 64%. Perhaps this was due to some adsorption of estriol on colloidal material formed during hydrolysis as a result of denaturation of proteins of the Helix pomatia digestive juice. This colloidal suspension is unretained during water washing, passing through the adsorption column and presumably resulting in partial loss of estriol. We found that 5 mm of contact between this colloidal material and the Carbopack particles was sufficient to permit estriol to be completely desorbed from denatured proteins and subsequently to be adsorbed to the Carbopack surface. 
